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(57) A minute droplet fonning apparatus comprises 
a nozzle 1 for storing therewithin a liquid 2 for fomning 
a droplet 3; a substrate 5, disposed so as to face the tip 
of the nozzle 1 , for mounting the droplet 3 dropped from 
the tip of the nozzle 1 ; and a pulse power supply 1 0 for 
applying a pulse voltage between an electrode 12 ar- 
ranged in the liquid 2 within the nozzle 1 and the sub- 
strate 5. After a liquid column 2a is fomied by projecting 
the liquid from the nozzle tip by applying the pulse volt- 
age between substrate 5 and the electrode 12, a nickel 
piece 7 disposed within the nozzle 1 is moved to the tip 
part of the nozzle 1 by an X YZ stage 9 by way of a mag- 
net 8, so as to enhance the fluid resistance in the nozzle 
tip part, thereby causing a setback force for returriing 
the liquid 2 into the nozzle 1 , by which the droplet 3 is 
isolated from the liquid column 2a. 
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Description 
Technical Field 

[0001 ] The present invention relates to a minute drop- 
let forming method and minute droplet forming appara- 
tus applicable to various solutions. 

Background Art 

[0002] A method utilizing electrostatic attraction has 
conventionally been known as a method for forming a 
droplet. This method is one In which a pulse voltage is 
applied between a nozzle containing a liquid for forming 
a droplet and a substrate an-anged to face a nozzle tip 
acting as a droplet dropping port, so as to attract the 
liquid from the nozzle tip toward the substrate by an 
electrostatic force, whereby thus fomned droplet is 
caused to drop onto the substrate. According to this 
method, the formed droplet has larger and smaller sizes 
as the peak value of the applied pulse voltage Is raised 
and lowered, respectively, whereby the size of the 
fomied droplet can be controlled when the peak value 
is regulated. 

Disclosure of the Invention 

[0003] In the above-mentioned droplet fomiing meth- 
od based on the electrostatic attraction, however, the 
size of the fomied droplet depends on the diameter of 
the nozzle tip, whereby droplets having a predetenmined 
size or smaller cannot be fomned. Namely, as the peak 
value of the pulse voltage applied for fomning a minute 
droplet is lowered, the electrostatic force fails to over- 
come the surface tension occurring at the nozzle tip at 
a certain peak value or lower, thereby forming no drop- 
lets. Therefore, it is necessary to use a nozzle having a 
small tip diameter when forming a minute droplet. Noz- 
zles having a small diameter, however, are problematic 
in that they are frequently clogged with dust and the like 
contained in the liquid. 

[0004] Therefore, it is an object of the present inven- 
tion to provide a minute droplet forming method and 
minute droplet fomning apparatus solving the problem 
mentioned above. 

[0005] For solving the above-mentioned problem, the 
minute droplet fomning method In accordance with the 
present Invention is a minute droplet fomning method of 
electrostatic attraction type for forming a minute droplet 
by attracting a liquid by applying a pulse voltage to a 
nozzle tip containing the liquid, the method comprising 
a step of applying the pulse voltage between a substrate 
arranged to face the nozzle tip with a predetemnlned 
space therebetween and the liquid within the nozzle so 
as to project the liquid from the nozzle tip and form a 
liquid column, and a step of isolating the droplet by caus- 
ing a setbackforce for returning the liquid into the nozzle 
to act on the formed liquid column. 



[0006] The minute droplet fomning apparatus in ac- 
cordance with the present invention, on the other hand, 
comprises (1 ) a nozzle for storing therewithin a liquid for 
fomning a droplet; (2) a substrate, arranged so as to face 

5 a tip of the nozzle, for mounting the droplet dropped from - 
the nozzle tip; (3) a pulse power supply for applying a 
pulse voltage between the liquid within the nozzle and 
the substrate; (4) setback force generating means for 
generating a force for retuming the liquid from the nozzle 

10 tip to the inside; and (5) a control unit for controlling the 
pulse power supply and the setback force generating 
means. 

[0007] In the minute droplet fonning method and ap- 
paratus in accordance with the present invention, a liq- 

is uld column, which is a liquid drawn out of the nozzle tip, 
is retumed into the nozzle by the setbackforce. whereby 
a droplet is isolated from the liquid column. Thus isolat- 
ing the droplet makes It possible to fonn a droplet having 
a diameter smaller than the nozzle diameter. 

20 [0008] Various methods and apparatus can be con- 
sidered for causing the setback force to act. For exam- 
ple, It will be sufficient if the fluid resistance within the 
nozzle is raised so as to slow down the velocity of flow 
generated within the nozzle by the electrostatic force. 

25 thus forming a negative pressure at the nozzle tip part, 
which is utilized as the setback force. 
[0009] Also, the volume within the nozzle may be en- 
hanced so as to generate a negative pressure within the 
nozzle, which is utilized as the setback force. 

30 [001 0] Alternatively, the nozzle and the substrate may 
be distanced from each other upon isolating the droplet, 
so as to weaken the electrostatic force for drawing out 
the liquid from the nozzle tip, thereby causing the set- 
back force to act on the liquid column. 

35 [0011] Thus controlling the setback force makes it 
possible to adjust the size of the formed droplet without 
changing the diameter of the nozzle. 
[0012] It will be preferable if each of the fonning and 
isolating of droplets is carried out under a saturation va- 

40 por pressure, since thus formed droplets become hard 
to evaporate. 

[0013] Preferably, the nozzle is a core nozzle having 
a core arranged within the nozzle. When the nozzle is 
a core nozzle as such, the influence of surface tension 
45 can be lowered, 

[0014] The present invention will become more fully 
understood from the detailed description given herein - 
below and the accompanying drawings. They are given 
by way of illustration only, and thus should not be con- 
50 sldered limitative of the present invention. 

[0015] Further scope of applicability of the present in- 
vention will become apparent from the detailed descrip- 
tion given hereinafter. However, it Is clear that the de- 
tailed description and specific examples, while indicat- 
es ing preferred embodiments of the invention, are given 
by way of illustration only, and various changes and 
modiHcations within the spirit and scope of the invention 
will become apparent to those skilled in the art from this 
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detailed description. 

Brief Description of the Drawings 

[0016] 

Figs. 1 A to ID are views showing a nozzle tip and 
states of liquid level near the nozzle tip; 
Fig. 2 is a view showing a first embodiment of the 
minute droplet fomning apparatus in accordance 
with the present invention; 
Figs. 3A to 3D are views showing nozzle tips and 
liquid levels near the nozzle tips, wherein Figs. 3A 
and 3C are sectional views whereas Figs. 3B and 
3D are their con-esponding views seen from the re- 
spective lower faces; 

Fig. 4 is a graph showing characteristics of droplets 
fomied by using the minute droplet forming appa- 
ratus of the first embodiment; 
Figs. 5 to 7 are views showing respective nozzle 
parts in second to fourth embodiments of the minute 
droplet fomiing apparatus in accordance with the 
present invention; 

Fig. 8 is a view showing a main part of a fifth em- 
bodiment of the minute droplet fonning apparatus 
in accordance with the present invention; 
Fig. 9 is a view showing a nozzle part of a sixth em- 
bodiment of the minute droplet fonning apparatus 
in accordance with the present invention; and 
Fig. 1 0 is a view showing a seventh embodiment of 
the minute droplet forming apparatus in accordance 
with the present invention. 

Best Modes for Carrying Out the invention 

[0017] In the following, preferred embodiments of the 
present invention will be explained in detail with refer- 
ence to the accompanying drawings. For making it eas- 
ier to understand the explanation, constituents identical 
to each other among the drawings wilt be referred to with 
numerals identical to each other whenever possible, 
without repeating their overlapping descriptions. 
[0018] First, the principle of the present invention will 
be explained with reference to Figs. 1A to 10. Figs. 1A 
to 1 D are views for explaining a nozzle tip and states of 
a liquid near the nozzle tip. Though a liquid 2 within a 
nozzle 1 is nonnally contained within the nozzle 1 by a 
surface tension against gravity (see Fig. 1 A), the liquid 
2 is drawn out of the tip of the nozzle 1 by an electrostatic 
force when a pulse voltage is applied between the liquid 
2 within the nozzle 1 and a substrate (not shown) ar- 
ranged below the nozzle 1 perpendicularly thereto, 
whereby a liquid column 2a is formed (see Fig. IB). 
When a setback force (which is a force, acting perpen- 
dicularly upward, for retuming the liquid column 2a into 
the nozzle 1) is subsequently caused to act on the liquid 
column 2a, the liquid column 2a becomes thinner as 
shown in Fig. 1 C than that in the case where no setback 



force acts thereon, so that the tip of the liquid column 
2a is isolated by the electrostatic force and setback 
force, whereby a droplet 3 is fomned (see Fig. ID). 
[0019] When the tip of the liquid 2 drawn out of the 

s chip of the nozzle 1 1s thus Isolated by the setback force, 
the droplet 3 having a diameter smaller than that of the 
lip of the nozzle 1 can be formed. Also, the size of the 
droplet 3 to be formed can be controlled by changing 
the timing at which the setback force is applied and the 

10 size thereof. 

[0020] Fig. 2 is a view showing a first embodiment of 
the minute droplet forming apparatus in accordance with 
the present invention. The minute droplet forming appa- 
ratus in accordance with the first embodiment compris- 

15 es a nozzle 1 for storing a liquid 2 for forming a droplet 

3, a substrate 5 an-anged so as to face a tip part of the 
nozzle 1 . a pulse power supply 10 for applying a pulse 
voltage between an electrode 12 arranged in the liquid 
2 within the nozzle 1 and the substrate 5, a fluid resist- 

20 ance regulating unit 6for regulating thetluid resistance, 
and a control unit 11 for controlling the pulse power sup- 
ply 1 0 and the fluid resistance regulating unit 8. The fluid 
resistance regulating unit 6 is constitutedby a nickel 
piece 7, disposed within the nozzle 1 , for raising/lower- 

25 ing the fluid resistance; a magnet 8 for operating the 
nickel piece 7 from the outside of the nozzle 1 ; and an 
XYZ stage 9 for movably supporting the magnet 8. 
Namely, the XYZ stage 9 is controlled by the control unit 
11 , whereby the nickel piece 7 itself can be moved by 

30 way of the magnet 8. The nickel piece 7 used within the 
nozzle 1 here is a fragment having a diameter of 10 nm 
and a length of 500 jim, and is disposed near the nozzle 
1. 

[0021] The nozzle 1 has an inner diameter of 10 urn 
35 near its tip, and is made by drawing glass having a core 

4. The nozzle 1 having the core 4 is used in order to 
align the liquid level with the tip part of the nozzle 1 . Figs. 
3A to 3D are views showing tips of nozzles 1 seen from 
their lower faces (Figs. 3 A and 3C), and sectional views 

40 of the nozzles 1 showing liquid levels near the tips of the 
. nozzles 1 (Figs. 3B and 3D). Though the liquid level Is 
positioned at a location slightly inside the nozzle 1 from 
the nozzle tip part (see Fig. 3B) due to surface tension 
in the case of the nozzle 1 without the core 4 (see Fig. 

45 3A), the liquid within the nozzle 1 is drawn toward the 
tip part of the nozzle 1 due to a capillary phenomenon 
when the nozzle 1 having the core 4 is used (see Fig. 
3C), whereby the liquid level is positioned near the tip 
part of the nozzle 1 (see Fig. 3D). Though it is not always 

50 necessary to use the nozzle 1 having the core 4, it will 
be preferred if the nozzle 1 having the core 4 is used, 
since effects which will be explained later can be ob- 
tained. 

[0022] The operation of the minute droplet fomrilng ap- 
55 paratus In accordance with the first embodiment, i.e., an 
example of the minute droplet fomning method in ac- 
cordance with the present Invention, will now be ex- 
plained with reference to Fig. 2. 
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[0023] First, the pulse power supply 10 applies a 
pulse voltage between the electrode 12 disposed in the 
liquid 2 within the nozzle 1 and the substrate 5, whereby 
the liquid 2 is drawn out of the tip of the nozzle 1 by an 
electrostatic force. Here, since the nozzle 1 having the 
core 4 is used, the liquid level aligns with a predeter- 
mined position near the tip of the nozzle 1 (see Fig. 3D) 
in the state before the pulse voltage is applied, whereby 
the distance D between the liquid level and the substrate 
5 is held constant. As a consequence, the electrostatic 
force acting between the liquid level and the substrate 
5 when a predetermined pulse voltage Is applied thereto 
becomes always the same, so that not only the amount 
of the liquid 2 drawn out of the nozzle 1 but also the size 
of the droplet 3 can accurately be controlled. 
[0024] After the liquid column 2a is formed by drawing 
the liquid 2 out of the nozzle 1 , the fluid resistance reg- 
ulating unit 6 raises the fluid resistance near the tip of 
the nozzle 1 , thereby causing a setback force to act on 
the liquid column 2a. Specifically, the nickel piece 7 dis- 
posed within the nozzle 1 is moved toward the tapered 
tip of the nozzle 1 . Here, the nickel piece 7 is moved, by 
way of the magnet 8 disposed outside the nozzle 1 , by 
the XYZ stage 9 controlled by the control unit 1 1 . As the 
nickel piece 7 is thus moved toward the tip of the nozzle 
1 , the flow path is nan-owed in the vicinity of the tip part 
of the nozzle 1 , whereby the fluid resistance increases 
in the vicinity of the tip part of the nozzle 1. Therefore, 
a negative pressure occurs in the tip part of the nozzle 
1 , so as to acts as a setback force on the liquid column 
2a. 

[0025] When thesetbackforceacts, apart of theliquid 
column 2a is isolated by two forces, I.e., the electrostatic 
force and setback force acting in directions opposite 
from each other, whereby the droplet 3 is fomied. 
[0026] In the minute droplet forming apparatus of the 
first embodiment, the fluid rissistance regulating unit 6 
is provided as a setback force generating means. As a 
consequence, after the liquid 2 is drawn out of the tip of 
the nozzle 1 by the electrostatic force, the droplet 3 can 
be formed by isolating it f rom the liquid column 2 by the 
setback force caused upon increasing the fluid resist- 
ance. When the setback force acts to form the droplet 
3, the minute droplet 3 can be formed. 
[00271 Also, the nozzle 1 having the core 4 is used in 
the minute droplet f omning apparatus of the first embod- 
iment. As a consequence, the liquid level is positioned 
at the tip of the nozzle 1 before the pulse voltage is ap- 
plied, whereby a predetermined amount of liquid column 
2a is formed by a predetermined pulse voltage. There- 
fore, the size of the fonned droplet 3 can accurately be 
controlled when the timing at which the setback force is 
applied and the size thereof are regulated by the control 
unit 11. 

[0028] Fig. 4 is a graph showing results obtained 
when the minute droplet 3 is formed by using the minute 
droplet forming apparatus of the first embodiment The 
abscissa of the graph of Fig. 4 indicates the ratio be- 



tween the flow path area at the tip part of the nozzle 1 
and the flow path area narrowed by the nickel piece 7 
as the effective area ratio. Here, the case yielding an 
effective area ratio of 100% is a case where no nickel 
5 piece 7 exists. As the effective area ratio decreases, the 
fluid resistance increases, whereby the setback force 
becomes greater as shown in Fig. 4. The ordinate of the 
graph of Fig. 4 shows the diameter of the droplet 3 
formed. 

10 [0029] As shown in Fig. 4. it has been verified that, as 
the setback force increases, the formed minute droplet 
3 becomes smaller, which yields the droplet 3 having 
such a minute amount that it cannot be obtained by the 
attraction based on the electrostatic force alone, and 

IS that its size is controllable by changing the effective area 
ratio. 

[0030] While other ennbodiments will be explained in 
the following, each of the following embodiments is the 
same as that of the first embodiment except that the set- 

20 back force generating means (constituted by the nickel 
piece 7, and the magnet 8 and XYZ stage 9 for control- 
ling the same) in the minute droplet fonning apparatus 
of the first embodiment is replaced by a different config- 
uration. Also, its operation (droplet forming method) is 

25 the same as that of the first embodiment in that the liquid 
2 is drawn out of the tip of the nozzle 1 by applying a 
pulse voltage between the liquid 2 (the electrode 12 dis- 
posed in the liquid 2 in practice) within the nozzle 1 and 
the substrate 5 arranged so as to face the tip of the noz- 

30 zle 1 . and that the minute droplet 3 is isolated from the 
liquid column 2a by the setback force generated by the 
setback force generating means. 
[0031] Fig. 5 Is a view showing the tip part of the noz- 
zle 1 in a second embodiment of the minute droplet 

35 fonming apparatus in accordance with the present inven- 
tion. The setback force generating means in this embod- 
iment is constituted by a piezoelectric device 21 , dis- 
posed near the tip of the nozzle 1 , having a fomri sur- 
rounding the flow path. 

40 [0032] In this embodiment, cunrent is caused to flow 
through the piezoelectric device 21 after the liquid 2 is 
drawn out, whereby the piezoelectric device is inflated 
so as to narrow the flow path. As a consequence, fluid 
resistance increases in the vicinity of the tip part of the 

45 nozzle 1 , so that a negative pressure occurs near the 
tip part of the nozzle 1 , whereby a setback force acts on 
the liquid column 2a. 

[0033] Fig. 6 is a view showing the tip part of the noz- 
zle 1 in a third embodiment of the minute droplet forming 

50 apparatus in accordance with the present invention. The 
setback force generating means in this embodiment is 
constituted by a wire 23 disposed so as to extend along 
the longitudinal direction of the nozzle 1 therewithin. 
[0034] In this embodiment, the wire 23 is moved to- 

55 ward the tapered tip of the nozzle 1 after the liquid 2 is 
drawn out, so as to narrow the flow path. Here, the wire 
23 is exposed to the outside of the nozzle 1 on the side 
opposite from the tip part of the nozzle 1 , and is control- 
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led by an unshown control unit connected thereto. 
[0035] As a consequence, the flow path narrows in the 
vicinity of the tip part of the nozzle 1, so that the fluid 
resistance increases, thereby generating a negative 
pressure in the vicinity of the tip part of the nozzle 1 . 
This negative pressure acts as a setback force on the 
liquid column 2a. 

[0036] Fig. 7 is a view showing the tip part of the noz- 
zle 1 in a fourth embodiment of the minute droplet form- 
ing apparatus in accordance with the present invention. 
The setback force generating means in this embodiment 
is constituted by a piezoelectric device 25 disposed at 
an end part opposite from the tip of the nozzle 1 . 
[0037] In this embodiment, the piezoelectric device 25 
is inflated beforehand, and is constricted after the liquid 
2 is drawn out. This enhances the volume of the nozzle 
1 , so as to generate a negative pressure within the noz- 
zle 1 . thereby causing a setback force to act on the liquid 
column 2a. 

[0038] Fig. 8 is a view showing a fifth embodiment of 
the minute droplet forming apparatus in accordance with 
the present invention. The setback force generating 
means in this embodiment is the same as the configu- 
ration for drawing the liquid 2 out of the tip of the nozzle 
1 , and is constituted by a power supply 1 0 (also acting 
as the pulse power supply 1 0) for applying a voltage be- 
tween an end electrode 27 disposed at an end part op- 
posite from the tip of the nozzle 1 and the electrode 12 
disposed in the liquid 2 within the nozzle 1 . The liquid 2 
does not fill up to the end part opposite from the nozzle 
1 , thereby forming a space 28 between the end elec- 
trode 27 and the liquid 2. 

[0039] In the minute droplet fomning apparatus of this 
embodiment, after the liquid 2 is drawn out, a voltage is 
applied between the end electrode 27 and the electrode 
1 2 disposed In the liquid 2, so as to pull the liquid 2 within 
the nozzle 1 toward the end electrode 27 by ah electro- 
static force. Since the end electrode 27 is disposed on 
the side opposite from the tip of the nozzle 1 , this pulling 
force acts as a setback force on the liquid column 2a. 
[0040] Fig. 9 is a view showing a sixth embodiment of 
the minute drop let forming apparatus in accordance with 
the present invention. The setback force generating 
means in this embodiment is constituted by a micro 
stage (nozzle position changing mechanism) 31 dis^ 
posed on the outside of the nozzle 1 . 
[0041] In this minute droplet fomning apparatus, the 
position of the nozzle 1 is moved by the micro stage 31 
in a direction by which the liquid column 2a and the sub- 
strate 5 (not depicted In Fig. 9) are distanced from each 
other. When the liquid column 2a at the tip of the nozzle 
1 and the substrate 5 are distanced from each other, the 
electrostatic force acting between the liquid column 2a 
and the substrate 5 decreases. This causes a force for 
retuming the liquid column 2a into the nozzle 1 to act on 
the liquid column 2a. Without being restricted to the mi- 
cro stage 31 . any nozzle position changing mechanism, 
e.g.. piezoelectric devce, may be used as long as it can 



control the moving direction and moving distance. Sim- 
ilar effects are also obtained by a configuration in which 
the substrate 5 side is moved with respect to the nozzle 
as a matter of course. 

5 [0042] As shown in Fig. 10, for example, an environ- 
ment maintaining unit comprising a shield 13 for cover- 
ing at least a droplet forming space 30 between the noz- 
zle 1 and the substrate 5, and a vapor pressure gener- 
ator 1 4 for causing the inside of the shield 1 3 to maintain 

10 a saturation vapor pressure state of the liquid held within 
the nozzle 1 may further be provided. Fomning a droplet 
under a saturation vapor pressure as such can prevent 
the fomned droplet from evaporating. 
[0043] Though embodiments of the present invention 

15 are explained in detail in the foregoing, the present in- 
vention is not restricted by the above-mentioned em- 
bodiments, and all the improvements as would be obvi- 
ous to one skilled in the art are included in the present 
invention. 

20 

Industrial Applicability 

[0044] The minute droplet forming method and appa- 
ratus in accordance with the present invention can fa- 
25 vorably be applied to apparatus for making a single flu- 
orescent molecule. DNA chips, arrangements of rea- 
gent spots in combinatorial chemistry applications, and 
the like. 



Claims 

1 . Aminute droplet fomning method of electrostatic at- 
traction type for forming a minute droplet by attract- 

35 ing a liquid by applying a pulse voltage to a nozzle 
tip containing said liquid, said method comprising: 

a step of applying said pulse voltage between 
a substrate arranged to face said nozzle tip with 
^0 a predetermined space therebetween and said 

liquid within said nozzle so as to project said 
liquid from said nozzle tip and fomn a liquid col- 
umn; and 

a step of isolating said droplet by causing a set- 
45 back force for returning said liquid Into said noz- 

zle to act on said formed liquid column. 

2. A minute droplet forming method according to claim 
1 , wherein a fluid resistance within said nozzle is 

50 enhanced so as to cause said setback force to act. 

3. A minute droplet f orniing method according to claim 
1 , wherein a volume within said nozzle is enhanced 
so as to cause said setback force to act. 

55 

4. A minute droplet f onning method according to claim 
1 , wherein, upon isolating said droplet, said nozzle 
and said substrate are distanced from each other 
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so as to cause said setback force to act. 

5. A minute droplet forming method according to one 
of claims 1 to 4, wherein a size of said droplet to be 
fomned is adjusted by controlling said setback force, s 

6. Aminute droplet fonming method according to one 
of claims 1 to 5, wherein each of said forming and 
isolating of said droplet is carried out under a satu- 
ration vapor pressure of said liquid. 

7. Aminute droplet forming method according to one 
of claims 1 to 6, wherein said nozzle is a core nozzle 
having a core arranged therewithin. 

15 

8. A minute droplet fomiing apparatus comprising: 

a nozzle for storing therewithin a liquid for form- 
ing a droplet; 

a substrate, arranged so as to face a tip of said 20 
nozzle, for mounting said droplet dropped from 
said nozzle tip; 

a pulse power supply for applying a pulse volt- 
age between said liquid within said nozzle and 
said substrate; 

setback force generating means for generating 
a force for returning said liquid from said nozzle 
tip to the inside; and 

a control unit for controlling said pulse power 
supply and said setback force generating 30 
means. 

9. A minute droplet fomning apparatus according to 
claim 8, wherein said setback force generating 
means is a fluid resistance regulating unit adapted 35 
to change a fluid resistance within said nozzle. 

10. A minute droplet forming apparatus according to 
claim 8, wherein said setback force generating 
means is a volume changing unit adapted to change ^0 
a volume within said nozzle. 

11. A minute droplet forming apparatus according to 
claim 8, wherein said setback force generating 
means is a moving mechanism for moving said noz- ^5 
zle relative to said substrate. 

12. A minute droplet forming apparatus according to 
one of claims 8 to 11, further comprising an envi- 
ronment maintaining unit for causing sunroundings so 
of said tip of said nozzle and said substrate to keep 

a saturation vapor pressure environment of said liq- 
uid within said nozzle. 

13. A minute droplet fonning apparatus according to 55 
one of claims 8 to 1 2, wherein said nozzle is a core 
nozzle having a core arranged within said nozzle. 
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